Fluid and electrolyte management in the very low birth weight infant is critical to survival. The amount of fluid present in the plasma, interstitial fluid, and cellular fluid changes throughout the fetal and neonatal period, presenting a challenging situation. One of the many factors influencing fluid requirements is the insensible water loss by mechanisms such as evaporation. Low birth weight infants are especially susceptible to this due to their large body surface area and immature skin, often resulting in hypernatremia and the complications associated with it. However, some infants may experience hyperkalemia, hyperglycemia, and/or hyponatremia, resulting in various other complications. Careful monitoring is essential in deciding how to manage these infants. This article aims to discuss the management of fluid and electrolytes in very low birth weight infants and address ways to decrease the morbidity and mortality associated with the imbalances in fluid and electrolytes seen in this population.
Introduction
Fluid and electrolyte management of critically ill infants continues to be a challenge in intensive care. The problem is further compounded in the very low birth weight infant, where appropriate fluid management is critical in preventing morbidity and mortality, but requirements become difficult to ascertain.
Fluid in the fetus and neonate is distributed among three main compartments: plasma, interstitial fluid, and cellular fluid. The amount of fluid in each of these compartments based on body weight, changes from the fetal to neonatal period, and continues to change throughout the neonatal period. In the early fetal period, approximately 95% of the fetus is water, with the proportion gradually decreasing during gestation to about 80% at 8 months of gestation, and 75% at term.
1 Extracellular fluid also decreases, with a gradual rise in cellular fluid. Prior to delivery, several studies 2, 3 demonstrated decreases in lung fluid secretion, probably mediated by catecholamines, vasopressin, or cortisol concentrations. 2, [4] [5] [6] During labor and delivery, fetal plasma and blood volumes change. In fetal sheep, the hematocrit increases by approximately 13% 15 min before delivery, compared to the value 1 h before delivery, representing a loss of plasma from the circulation and a decrease in blood volume. 7 In humans, the umbilical venous hematocrit is lower in infants born by elective cesarean section without labor, compared to those with labor. 8, 9 Factors Influencing fluid status It is generally recognized that healthy neonates lose an average of 5 to 10% of their body weight during the first week of life, with premature infants losing even more. After birth, there is a contraction of the extracellular fluid compartment, followed by natriuresis, diuresis, and weight loss. 10 The infant is also oliguric during the first 24 to 48 h. However, even though the initial sodium loss appears obligatory, no additional sodium should be provided in the first few days of life.
11 Possible benefits of this approach include a decreased oxygen requirement and a lower incidence of chronic lung disease without compromising growth. 12, 13 Insensible water loss plays a major role in the fluid requirements for preterm infants. Low birth weight infants experience a disproportionately large loss because of their relatively large body surface area and immaturity of their skin, leading to increased evaporation.
14,15 Table 1 lists factors that influence insensible water loss. 16 Rapid loss of free water from the interstitial space produces a hyperosmolar extracellular compartment characterized by hypernatremia, and is also often accompanied by hyperglycemia and hyperkalemia. 17, 18 The intracellular space is also ultimately affected and shares the water loss. At the same time, because we are conservative with sodium supplementation in the face of hypernatremia, it should also be recognized that the very low birth weight infant receives an enormous inadvertent sodium load (Table 2) . 19 The sources of the additional sodium include: calcium gluconate, gentamicin, sodium bicarbonate, tromethamine, dopamine, dobutamine, heparin, and intravenous fluids used for catheter patency. On the other hand, aggressive fluid management has been associated with an increased risk for a patent ductus arteriosus, 20 and an increased incidence of chronic lung disease.
21,22
Management of fluid and electrolytes Although there are many approaches to fluid and electrolyte management, Table 3 summarizes one such approach. 23 Also, recognizing that early nutrition, a topic covered elsewhere in this supplement, is of utmost importance to the critically ill neonate, a suggested fluid and nutrition regimen is depicted in Table 4 for the infant less than 1000 g. 16 Our approach is summarized as follows:
1. Early initiation of parenteral amino acids. 2. Follow fluid guidelines as described in Tables 3 and 4. 3. Serial measurements of electrolytes.
a. Respond in an incremental increase of free water in response to increase in serum sodium. Avoid hypernatremia (maintain less than 155 mEq/l).
4. Advance amino acids to a maximum of 3 g/kg/day and lipids as indicated. 5. Monitor daily weights, vital signs, and blood urea nitrogen.
6. Do not give additional sodium until sodium is <130 mEq/l; then start with 2-3 mEq/kg/day and potassium of 2 to 3 mEq/kg/day.
Early onset of hyponatremia is observed in some infants and assessment should include sodium intake versus losses and excessive free water infusion. Other causes implicated include vasopressin release as seen with perinatal asphyxia, respiratory distress, and intra ventricular hemorrhage. Late onset hyponatremia could be due to inadequate intake, inappropriate antidiuretic hormone secretion, renal failure, or the use of unfortified human milk or term formulas. Nonoliguric hyperkalemia is observed in some infants and, in the face of highfractional excretion of sodium, good capillary perfusion and blood pressure are maintained for 12 to 24 h of age. With persistent fluid and electrolyte aberrations, the hyperkalemia can be associated with cardiac dysrhythmias and cardiogenic shock. Abbreviations: IVF, intravenous fluid; AA, amino acid (pediatric formulation) can be safely started in even higher doses. a Infants <1000 g may be intolerant to high concentrations of glucose and may be insulin insensitive. Advancing glucose delivery is also dictated by tolerance. b Suggested start and increase by 0.5 g/kg/day to a maximum of 2-3 g/kg/day; monitor triglyceride at each change and maintain below 200 mg/dl.
Summary
In summary, one has to have a strategy to maintain the complex balance between intake and losses. An approach of careful monitoring, step-wise increases in fluid to maintain fluid balance, and sodium will avoid the morbidities associated with excessive or inadequate provision of fluid and electrolytes.
